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Summary
The article presents data on the role of pepsinogen-1 and -2 and bilirubin in the forma-

tion of gastroesophageal reflux disease (GERD) in patients with chronic obstructive pulmon-
ary disease (COPD). Clinical, biochemical, immunological research methods were used in the 
work. The activity of pepsinogens 1 and 2 and bilirubin in saliva was determined in all patients 
with combined pathology. It has been established that the presence of concomitant GERD in 
patients is an independent aggravating factor for the function of external respiration. In patients 
with concomitant GERD, a significant increase in acute phase parameters in the serum, indi-
cating active systemic inflammation. Increased activity of the cytokine IL-6 and IFNγ indi-
cates the activation of the cellular immune system, with an unregulated immune response that 
supports chronic inflammation in the bronchi even in remission. Increased levels of IL-4 are 
compensatory in nature, as IL-4 inhibits the production of macrophages of proinflammatory 
cytokines, including IL-6. Detection of correlations between the concentration of total bilirubin 
in saliva with a decrease in external respiration, namely  FVC, FEV-1, as well as the presence 
of shortness of breath allows us to consider bilirubin as a possible marker of reflux and respira-
tory inflammation in the bronchi, until obstruction. The positive correlation of pepsinogen-1 in 
saliva with an allergic history, and pepsinogen-2 in saliva with cough, shortness of breath and 
smoking, and a negative correlation of pepsinogen-1 with the value of FEV1 / FVC, allows to 
consider pepsinogen-1 and pepsinogen-2 as markers of non-acid reflux and respiratory inflam-
mation with bronchoobstruction
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1. Introduction

In the general structure of morbidity, a significant percentage of all diseases are respira-
tory diseases. According to general data, their share is about 60% (Chorna et al.,2020). This is 
due to the increase in the number of non-specific lung diseases, and is particularly noticeable in 
the growing number of patients with chronic obstructive pulmonary disease (COPD). Accord-
ing to the WHO, COPD is a disease with a high level of social burden (Tolokh ,2017]. The pro-
gression of COPD is accompanied by the development of pathological processes in various 
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organs, including the digestive system. The presence of concomitant pathology in patients with 
COPD increases the risk of exacerbations, hospitalizations and disabilities, reduces their activ-
ity, impairs quality of life and survival, and therefore has important prognostic value (Golpe at 
el.,2017). Gastroesophageal reflux disease (GERD) is one of the most common gastrointestinal 
diseases in the general population. The prevalence of GERD in the population is determined in 
the range of 7-20%, in Western countries – varies on average between 10% and 25%. The issue 
of comorbidity of chronic obstructive pulmonary disease  with gastroesophageal reflux disease  
as an interdependent pathological condition is attracting increasing attention. These diseases 
are combined in 25 – 60% of cases (Shevchuk-Budz,2018, Lin et al. 2019). According to numer-
ous studies, the presence of GERD is associated with a deterioration in the quality of life in this 
cohort of patients, worsening of symptoms, deterioration of external respiration, which leads 
to more frequent exacerbations of COPD (Makarova et al. 2019, Francis,2016). Occurrence 
of GERD in patients with COPD can be both primary-independent diseases (due to combined 
lesions of the mucous membranes of the respiratory and digestive systems, associated with 
unidirectional metabolic and allergic changes and dysregulation of the nervous, immune and 
endocrine systems) and as primary-dependent pathological processes (when lung obstruction 
with the appearance of GERD may be exacerbated by microaspiration of gastric contents into 
the trachea and bronchi, as well as in the process of stimulation of nervus vagus receptors of the 
distal part of the esophagus. On the other side, the pathology of the pulmonary system, provok-
ing cough, leads to changes into intrathoracic pressure and, consequently, to a decrease in the 
tone of the lower esophageal sphincter, which is one of the pathogenic factors in the formation 
of GERD (Katzka et al. 2011, Aras et al., 2010).

Microaspiration of gastric contents and hydrochloric acid is just one of many factors that 
can cause respiratory damage. Other damaging factors may be pepsinogen, pepsin, pancreatic 
enzymes and bile acids / salts (Kusano et al.,2011). However, aspiration of duodenogastric con-
tents may be accompanied not only by cough but also by acute respiratory distress syndrome. 
It should be noted that the upper parts of the digestive system (pharynx) and respiratory tract 
(larynx and bronchi) are more sensitive to reflux than the mucous membrane of the esophagus 
(Kravchenko et al., 2011). Laryngo-pharyngeal reflux, which is the result of the effects of various 
components of gastric and duodenal reflux on the mucous membrane of the pharynx, larynx and 
respiratory tract, is considered one of the most likely mechanisms of extraesophageal complica-
tions of GERD. (Pearson et al., 2011). The pharynx and larynx are extremely sensitive to weak 
acid reflux, especially in the presence of pepsin. There is no doubt that pepsin will have a greater 
detrimental effect on the respiratory epithelium in acid reflux. However, the association of pepsin 
with inflammation of the laryngeal epithelium in non-acidic forms of GERD has been observed 
even in patients taking high doses of Proton pump inhibitors (PPIs). It was previously thought 
that pepsin causes damage only because of its proteolytic activity. However, further studies have 
shown that pepsin is captured by laryngeal epithelial cells by endocytosis. (Wang et al., 2020). 
It shows a new mechanism of cell damage, which involves the development of new treatments 
for reflux disease, namely use of receptor antagonists and / or pepsin inhibitors (Ye et al., 2017).

The above data provide clear evidence for the role of GERD in the development 
of chronic obstructive pulmonary disease, but there are still many controversial and unresolved 
issues. The mechanisms of development and pathogenesis of these two diseases, diagnostic 
methods, rational schemes of drug therapy continue to be actively discussed.

The need for in-depth study of the pathogenic mechanisms of parallel development of 
COPD and GERD diseases (with determination of the activity of the cytokine system) deter-
mines the scientific and practical relevance of this study.
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The aim of research was to establish the pathogenic mechanisms of obstructive pul-
monary disease with gastroesophageal reflux disease.

Materials and methods of research. The observation included 138 patients who were 
hospitalized in the pulmonology department due to exacerbation of COPD and outpatient treat-
ment by a gastroenterologist.

All subjects signed an informed consent, the methodology of which was in line with the 
Helsinki Declaration of 1975 and its revision in 1983 and was approved by Uzhhorod National 
University's Commission on Bioethics (Protocol №1 of 10.01.2020). 

The inclusion criteria in the study confirmed the patients with exacerbation of COPD 
stage 2 (GOLD II), age> 40 years, forced expiratory volume per 1 second (FEV1) was <60% 
of normal and the ratio of forced expiratory volume per 1 second to forced vital capacity lungs 
(FEV1 / FVC ratio) <70%, increase in FEV1 after inhalation of short-acting β2-agonist less 
than 12% compared to baseline.

The exclusion criteria in the study were malignancy, systemic connective tissue diseases, 
heart block, congenital malformations and heart failure above functional class II according to 
the classification of the New York Association of Cardiologists.

In turn, the diagnosis of COPD was confirmed according to the order of the Ministry 
of Health of Ukraine №555 from 27.06.2013 "On approval of clinical protocols for medical 
care in the specialty" Pulmonology "and the provisions set out in the document GOLD [2017]. 
The diagnosis of gastroesophageal reflux disease (GERD) was made in the presence of relevant 
complaints and the results of instrumental studies – a positive test with rabeprazole, fibrogastro-
duodenoscopy (FGDS) and intragastric pH-metry, taking into account the Montreal Consensus 
(2006),  as well as in accordance with domestic protocols for medical care (order of the Min-
istry of Health of Ukraine № 943 of 31.10.2013). 

We formed 3 groups of patients: 1 group (n = 60) – patients with COPD in combination 
with GERD, 2 group (n = 42) – patients with COPD without signs of GERD, who were treated 
in the pulmonology department for exacerbation of the disease and Group 3 (n = 36) – patients 
with GERD who were treated on an outpatient basis. Patients were homogeneous in age, stage 
of disease and duration of illness. The mean age of the subjects was 55 ± 1.64. Among the 
examined patients, men predominated by sex – 78.3% (108 out of 138).

Patients also underwent additional determination of indicators of inflammation (CRP, 
leukocytes, neutrophils, ESR, procalcitonin), cytokine activity (IL-4, IL-6, IFNγ, IFNγ / IL-4, 
TNF-alpha and levels of pepsinogen-1, pepsinogen-2 and bilirubin in saliva. 

Statistical analysis of the data was performed using Jamovi, version 2.0.0 using the 
paired Student's t-test, Pearson's χ ²- test and Fisher's exact test, depending on the type of source 
data. The average values of the numerical data were represented as M ± SD. The normality 
of the distribution was evaluated by the Shapiro-Wilk test. The critical level of reliability was 
considered to be α = 0.05. 

2. Results

The clinical characteristics of patients with combined pathology (COPD with GERD) 
were evaluated, and 60 patients (48 men and 12 women) were selected. In the age range, 
patients from 44 to 59 years were examined, the average age was 55 ± 1.64 years (women – 
57 ± 0.9 years, and men – 54 ± 1.2 years).

The main symptoms of the disease were respiratory symptoms, namely shortness of breath 
in 59 of 60 patients (98.3%) and cough in 57 of 60 patients (95.0%). Shortness of breath occurred 
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during exercise in 49 of 60 (81.7%) patients, and at rest in 11 of 60 (18.3%), respectively, at 
p <0.05. The most common type of cough was unproductive – in 30 of 60 (51.7%) patients, 
which worsened when changing body position from horizontal to vertical and when eating, the 
intensity was the same during the day. The presence of sputum was detected in 43 of 60 (71.7%) 
patients. Macroscopic examination of sputum was mucous, viscous, white in 17 of 60 (28.3%) 
patients, which caused difficulty in coughing. A feeling of tightness in the chest with the inabil-
ity to fully exhale was found in 40 of 60 (66.6%) patients. Patients were also concerned about 
complaints of difficulty breathing, especially at night with increased shortness of breath in 38 
out of 60 (63.3%) patients, weakness and decreased tolerance to exercise, which limited the 
ability to work in 52 out of 60 (86.6%) patients. Chest pain, which worsened after coughing, 
had 18 of 60 (30%) patients.

In patients with COPD and GERD, gastroenterological symptoms were dominated by 
heartburn in 30 out of 60 (50%) and / or acid regurgitation in 33 out of 60 (55.5%), sorethroat 
in 31 out of 60 (51.6%), cases of patients at p <0.01, as well as dysphagia in 28 of 60 (46.6%) 
cases of patients at p <0.05. Extraesophageal manifestations of GERD were detected in 26 of 
60 (43.3%) patients with COPD, manifested by sorethroat in 7 of 60 (11.6%), hoarseness in 4 of 
60 (6.6%), unproductive cough , which is exacerbated at night in 14 of 60 (23.3%), chest pain 
in the esophagus and heart failure in 2 of 60 (3.3%).

A positive family history of allergy was found in 19 out of 60 (31.7%), women – in 4 out 
of 60 (6.7%), men – in 15 out of 60 (25.0%).

51 out of 60 (85.0%) patients were prone to smoking, of which 45 out of 60 (75.0%) 
were men and 3 out of 60 (5.0%) were women. Smoking experience according to the smoker 
index was 22 ± 2.48 years; in men 22 ± 4 and in women 21 ± 5.3 years, respectively.

In most patients with combined pathology, the upper limit of the BMI was exceeded in 
42 out of 60 (70.0%).

Table 1 presents a comparative characterization of patients with COPD and GERD and 
patients with isolated COPD.

Table 1
Clinical characteristics of the patients

Parameters group 1 (n = 60)
COPD + GERD

group 2 (n=42)
COPD

Gender 
male / female (abs./%)

male female male female
48/80,0 12/20,0 32/76,2 10/27,8

Age (years) 54±1,2 57±0,9 53±2,1 56±1,6
Smokers (abs /%) 45/75,0 3/5,0 30/71,4 4/9,5
Smoking experience (smoker index) (years)
Frequency of exacerbations per year 22±4,7 21±5,3 23±6,6 24±3,4

Body mass index (BMI) (kg) / height (m)²
18.5-24.9 (abs /%) 10/16,7 1/1,7 16/38,1 4/9,5

Body mass index (BMI) (kg) / height (m)² 
25.0-29.9 (abs /%) 26/43,3 6/10,0 11/26,2 3/7,1

Body mass index (BMI) (kg) / height (m)² 
more than 30 (abs /%) 12/20,0 5/8,3 5/11,9 3/7,1

Frequency of exacerbation per year 2,1±0,3 1,8±0,6 1,7±0,4 1,8±0,3
Frequency of hospitalization per year 1,7±0,3 2,0±0,7 1,6±0,5 1,7±0,5

Note. Significance of the difference: * – in comparison with patients of group 2 at p <0,05.
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When comparing groups by sex, age and smoking history, no statistically significant 
differences were found in patients with a combination of COPD and GERD (p> 0.05). Patients 
with symptoms of GERD compared with patients without GERD had a higher frequency of 
exacerbations of COPD (2.1 ± 0.9 and 1.7 ± 1.0, respectively, p <0.001). Also in patients with 
COPD and concomitant GERD there was a higher frequency of hospitalizations (1.6 ± 1.0 and 
1.0 ± 0.9, respectively, p = 0.005) (table 1). Correlation analysis revealed a significant relation-
ship between the frequency of GERD and exacerbations of COPD (r = 0.323, p = 0.001), the 
severity of bronchial obstruction (r = 0.331, p = 0.001), the frequency of hospitalizations for 
COPD (r = 0.258, p = 0.006). However, there was no correlation with the severity of GERD. 
Patients with COPD with concomitant GERD have a higher frequency of exacerbations. It was 
found that the severity of bronchial obstruction was higher in patients with concomitant GERD. 
In addition, a correlation was found between the frequency of GERD symptoms and the sever-
ity of bronchial obstruction.

Also in these groups of patients was measured of the function of external respiration 
(FER) (tabl. 2). 

Table 2
Distribution of spirometry values between groups

Indication Group 1
n=60

Group 2
n=42

FEV 1 % 63,2±1,8* 66,1±1,4
VC% 75,5±1,2 78,1±0,7
FVC % 73,3±1,9* 75,4±1,7
FEV1/ FVC ratio % 63,2±0,9* 65,2±0,7
FEF25 % 40,1±1,4* 43,3±1,5
FEF 50 % 34,3±1,5 36,5±1,3
FEF 75 % 33,2±1,7* 33,4±2,0

Note. Significance of the difference: * – in comparison with patients of group 2 at p <0,05.

The processing of spirometry data in patients with combined GERD revealed a signifi-
cantly more pronounced decrease in the main indicators of external respiration: FEV1, FVC, 
forced expiratory flow over the middle one half of the FVC ( FEF) 25%, 50%, 75% , FEV1 / 
FVC ratio compared to normal values   in people of the appropriate sex, age, height and body 
weight (FEV1> 80%, FEV1 / FVC> 70%). In the group with combined pathology, FEV1, 
VL, FVC, FEV1 / FVC, respectively, were 63.2 ± 1.8, 75.5 ± 1.2, 73.3 ± 1.9, 63.2 ± 0.9% and 
made a significant difference (p <0,05) with similar indicators of group 2 (patients with COPD 
without signs of GERD), in which these indicators averaged 66.1 ± 1.4, 78.1 ± 0.7, 75.4 ± 1.7, 
65.2 ± 0.7%, respectively.

In patients with comorbid pathology of COPD and GERD, a negative correlation was 
found between age and FVC, age and FEV1 by Pearson's ratio, p <0,005.

In the study of laboratory indicators of inflammation, the following data were obtained 
(table 3).

Patients in groups 1 and 2 showed an increase in acute phase and pro-inflammatory par-
ameters compared with group 3, where all these indicators were within normal limits at p <0.05.

Procalcitonin levels in patients of all groups are not prognostically significant at p <0.05.
A direct correlation was found between the content of IL-4 and IL-6 (r = 0.60, p <0.05).
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Table 3
Evaluation of laboratory parameters in groups

Indication Group 1
n=60

Group 2
n=42

Group 3
n=36

Leukocytes 10 * 12 / l 12,3±1,3* 11,2±0,8** 6,5±1,3
Neutrophils % 74,1 ±2,6 72,2±2,1 67,2±3,1
Lymphocytes % 15,2 ±2,4 18,2 ±1,1 19,2±1,1
ESR mm / year 18 ±3,4* 16±2,3** 6±4,1
CRP mg / l 15,3 ±1,8* 14,3 ±1,2** 3,3 ±1,5
Procalcitonin ng / ml 0,1±0,03 0,04±0,02 0,03 ±0,01
IL-4, pg / ml 12,7±1,3* 9,8±1,1** 4,1±0,6
Interferon gamma (IFNγ) pg / ml 346,2±13,5* 289±14,8** 126,9±12,4
IFNγ/ ІЛ-4 28,3±3,2* 15,1±4,1** 7,1±1,4
IL-6, pg / ml 17,3±2,2* 14,3±2,4** 6,8±1,7
TNF-α pg / ml 10,1±3,4 13,1±2,5 5,4±1,4
Note. Significance of the difference: * – in comparison with patients of group 2 and 3 at p <0,05, 

** – in comparison with patients of group 1 and 3 at p <0,05.

Table 4
Indicators of pepsinogen and bilirubin in the groups

Indication Group 1
n=60

Group 2
n=42

Group 3
n=36

Pepsinogen-1 in saliva, ng / ml 0,83± 0,22± 0,360,11
Pepsinogen-1 in saliva, ng / ml 2,26± 1,99± 2,20,70
Total bilirubin in saliva, μmol / l 1,2± 0,91± 0,98±
Note. Significance of the difference: * – in comparison with patients of group 2 and 3 at p <0,05, 

** – in comparison with patients of group 1 and 3 at p <0,05

There was a positive relationship between decreased FER levels, namely FVC and 
FEV1 values, clinical symptoms of COPD, and values of pepsinogen-1, pepsinogen-2 and total 
bilirubin in saliva. Thus, in patients with COPD found a direct correlation with the presence 
of shortness of breath (Pearson's ratio, p = 0,011; ANOVA, p <0,001; test

Cruscalla-Wallis, p <0.001;), as well as reduced FEV-1 (Pearson's ratio, p <0.001; t-test, 
p <0.001; z-score, p = 0.046).

A comparison of total bilirubin in saliva and FER revealed a statistically significant posi-
tive correlation between total bilirubin, on the one hand, and FVC and FEV1 (Pearson's ratio, 
p = 0.011) and FEV-1 (Pearson's ratio, p = 0.044). .

The study of the presence of pepsinogen-1 in saliva revealed a statistically significant 
positive correlation with the presence of smoking (rank correlation coefficient, p = 0.002, 
Mann-Whitney test p = 0.004) and a negative correlation between FEV1 and FVC (t-test, 
p <0.001; Pearson, p <0.001).

Subsequent analysis revealed that the level of pepsinogen-2 in saliva was positively cor-
related with clinical symptoms such as cough (rank correlation coefficient, p = 0.012), short-
ness of breath (rank correlation coefficient, p = 0.026) and smoking (rank correlation coefficient,  
p = 0.006), as well as with the frequency of exacerbations per person (Pearson's ratio, p = 0.027).
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It is noteworthy that the level of total bilirubin in saliva showed a statistically signifi-
cant positive correlation with the value of pepsinogen-1 in saliva (Pearson's ratio, p = 0.019;  
Kruscal-Wallis test, p = 0.024), and with the value of pepsinogen -2 in saliva (Pearson's ratio, 
p = 0,049.

The study revealed a statistically significant positive correlation of total bilirubin in sal-
iva, on the one hand, and a decrease in FVC, FEV-1, as well as with the presence of shortness 
of breath.

The value of pepsinogen-1 in oral saliva showed a statistically significant positive cor-
relation with an allergic history, and a negative correlation with the value of FEV1 / FVC ratio.

The level of pepsinogen-2 in saliva showed a positive correlation with symptoms such as 
cough, shortness of breath and smoking.

A statistically significant positive correlation was found between the levels of total bili-
rubin and the values   of pepsinogen-1 and pepsinogen-2 in saliva.

Discussion: Thus, the detection of a negative correlation between age and FVC, age and 
FEV1 in patients with combined pathology, suggests that the presence of concomitant GERD is 
an independent aggravating factor for the function of external respiration.

In patients with COPD in combination with GERD, there is a marked increase in acute 
phase parameters, namely leukocytes, ESR, the level of C-reactive protein, which indicate 
active systemic inflammation.

Also in this group of patients there is an increase of almost 3 times the level of IFNγ, 
which involves the activation of the cellular immune system.

Increased, almost 3 times compared to group 3 control, the ratio between IFNγ / IL-4 
indicates the presence of an imbalance in the immune system, which is also more pronounced 
in patients with concomitant GERD.

Also, the increase in the pro-inflammatory cytokine IL-6 by almost 2 times stimulates an 
excessive and unregulated immune response, which in turn supports chronic inflammation in 
the bronchi even in remission.

Increased levels of IL-4 are compensatory in nature, as IL-4 inhibits the production of 
macrophages of proinflammatory cytokines, including IL-6.

Direct correlation of the concentration of total bilirubin in saliva with a decrease in exter-
nal respiration, namely FVC, FEV-1, as well as with the presence of shortness of breath allows 
to consider bilirubin as one of the possible markers of reflux and respiratory inflammation in 
the bronchial tree, up to obstruction.

 A positive correlation of pepsinogen-1 in saliva with an allergic history, and pepsino-
gen-2 – with symptoms such as cough, shortness of breath and smoking, and a negative cor-
relation of pepsinogen-1 with FEV1 / FVC ratio, allows to consider pepsinogen-1 and pepsino-
gen-2 as markers of non-acid reflux and respiratory inflammation with bronchoobstruction.

3. Conclusion

1. The presence of GERD in patients with COPD is an aggravating factor that increases 
the frequency of exacerbations in patients with combined pathology.

2. Total bilirubin, pepsinogen-1 and pepsinogen-2 in saliva should be considered not as 
separate, but combined markers of duodeno-gastroesophageal and laryngo-pharyngeal reflux 
and additional causes of inflammation and bronchoobstruction.

3. Determination of pepsinogens 1 and 2 and bilirubin in saliva are non-invasive methods 
for detecting duodeno-gastroesophageal and laryngopharyngeal reflux in patients with GERD.
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